Introduction
============

Prostate cancer, one of the leading causes of death in the male population in Europe and the United States, ranks first among male urogenital diseases ([@b1-ol-0-0-10272]). The incidence of prostate cancer is increasing with the continuous improvement of people\'s material living standards ([@b2-ol-0-0-10272],[@b3-ol-0-0-10272]). The 5-year survival rate of patients with metastatic prostate cancer is 36% to 54% ([@b4-ol-0-0-10272]). This may be due to the difficulty in the treatment of advanced prostate cancer. Radical resection for treating patients with early prostate cancer greatly improves their quality of life and survival quality ([@b5-ol-0-0-10272]). At present, the cause of prostate cancer remains unclear. Its treatment is still in the experimental stage, and the conditions for clinical large-scale application are not yet available. Therefore, it is especially important to select the best clinically diagnostic method for the early diagnosis of prostate cancer ([@b6-ol-0-0-10272]).

Various advanced science and technology have been widely used in the diagnosis of clinical diseases due to their continuous advancement and development. Radiological examinations such as magnetic resonance imaging (MRI) and computed tomography (CT) have good diagnostic value for the diagnosis and stage of prostate cancer. This is particularly true for the multi-parameter MRI with MRI combined with spectrum analysis and dynamic diffusion-weighted imaging (DWI), which is increasingly recognized in clinical practice and has a great value in the early diagnosis and clinical stage of prostate cancer ([@b7-ol-0-0-10272]). There is literature showing that the diagnostic sensitivity of CT is lower than that of MRI in early prostate cancer ([@b8-ol-0-0-10272]). Multi-slice spiral CT (MSCT) scanning is considered to be more sensitive and specific than traditional CT scanning in detecting lymph node metastasis of carcinoma of esophagus ([@b9-ol-0-0-10272]). However, there are relatively few comparative studies on the use of MSCT and MRI in the diagnosis of patients with different pathological stages of prostate cancer.

In this investigation, the accuracy of MSCT and MRI was compared in the detection of stages A/B and C/D of prostate cancer, and their sensitivity and specificity were also compared, in order to explore the diagnostic value for the different pathological stages of prostate cancer.

Patients and methods
====================

### General information

A total of 112 patients with prostate cancer who underwent surgical pathology in The Affiliated Yantai Yuhuangding Hospital of Qingdao University (Yantai, China) from February 2014 to January 2016 were enrolled as the prostate cancer group. They were aged 62.34±9.65 years, with a course of disease of 6 months to 4 years and an average course of disease of 2.0±1.2 years. The serum prostate-specific antigen detection value (PSA) of the patients was 25.23±9.9 ng/ml, and there were 89 patients with an increase in single serum PSA ([Table I](#tI-ol-0-0-10272){ref-type="table"}). Another 100 patients who received physical health examinations in The Affiliated Yantai Yuhuangding Hospital of Qingdao University during the same period were collected as the normal group, aged 62.65±9.57 years.

Inclusion criteria: Patients who did not receive anti-tumor treatments before the examination; patients with clinical symptoms that were mainly frequent micturition, urgency of urination, dysuria and frequent nocturia, and some patients with hematuria; males aged over 50 years.

Exclusion criteria: Patients with other severe tumor diseases; patients who did not actively cooperate; patients who did not undergo routine examination before operation; those previously suffering from mental disorder and with a family history of mental illness; those with incomplete clinical data.

The study was approved by the Ethics Committee of The Affiliated Yantai Yuhuangding Hospital of Qingdao University and the experimental content of subjects was described in detail. Subjects agreed to and signed a completed informed consent form.

Detection methods
-----------------

### MSCT examination

In this study, the Toshiba Activion l6-slice spiral CT instrument was used for MSCT examination. Each patient was placed in the supine position and scanned, and the scan range included the prostate, the seminal vesicle and the bladder. Perfusion scanning was performed centering on the largest central level of the lesion or the center level of the prostate. Scanning parameters were as follows: 320 mA in current flow, 120 kV in voltage, 0.9376 in pitch, with l6×0.5 mm thin layer detector. The enhanced scanning was performed with a non-ionic contrast media. The dosage of the contrast agent (Bayer Schering Pharmaceutical Co., Ltd.; guoyaozhunzi: J20050047) was adjusted to 1.5--2.0 ml/kg based on the actual situation of the patients, and was injected from the median vein of the elbow at a flow rate of 3.5--4 m/sec. Then, dynamic scanning was performed 5 sec later, with a scanning time of 0.5 sec/16 layers. The data was reconstructed, with 0.8 mm in reconstruction interval and 1 mm in layer thickness, and then transmitted to the processing server. The imaging was reconstructed with multi-planar reconstruction (MPR), maximum density projection (MIP) and volume rendering technology (VR). The attending radiologists (at least two) analyzed the data together and made a conclusion.

### MRI examination

The HDXT 1.5T superconducting MRI imager from GE was used as an MRI diagnostic instrument. Before the scanning, the patients were told to drink water in order to maintain the filling of the bladder. During the operation, patients were placed in the supine position and maintained uniform and gentle breathing. Array coils were performed through the body phase control of standard 6 units. The scanning sequence was conventional coronal, sagittal, cross-sectional T1WI, T2WI and DWI images. Specific parameters were as follows: T1WI was (TR/TE = 250/4.92 msec, matrix 320\*256); T2WI was (TR/TE = 6,000/100 msec, matrix 320\*320); the number of excitations was 2 to 4 times, FOV was 240\*240 mm, the layer thickness was 5 mm, and the interlayer spacing was 5 mm. Chemical displacement Selection Saturation method was used for lipid inhibition. DWI was (TR/TE = 8,200/100 msec, matrix 128\*128, the layer thickness was 5 mm; the interlayer spacing was 5 mm, and the b-value was 1,000 sec/mm^2^).

### Criteria for clinical stage

The Whitmore-Jewett method ([@b10-ol-0-0-10272]) was used for staging prostate cancer that was divided into stage A, B, C and D. In stage A, the tumor was concealed in the prostate and difficult to be detected through the rectal mouth. In stage B, the tumor could be detected in the rectum, and there was a tumor in the capsule of the prostate. In stage C, the tumor had exceeded the capsule of the prostate, but there was no metastasis. In stage D, the tumor had a distant metastasis.

### Outcome measures

The apparent diffusion coefficient (ADC) plot was automatically generated after the DWI scanning. The ADC value of the lesion was measured by manually placing the region of interest (ROI) on the ADC plot. Calcifications, blood vessels or bleeding were avoided, and the corresponding ADC values were recorded. The measurement was repeated twice to calculate the average value.

Clinical outcome measures: The sensitivity and specificity of MSCT and MRI for the diagnosis of prostate cancer were calculated based on the results of postoperative puncture pathological biopsy. The formula was as follows: the sensitivity = \[true positive/(true positive + false negative) × 100%\], and the specificity = \[true negative/(true negative + false positive) ×100%\]. The diagnostic coincidence rates, misdiagnosis rates and missed diagnosis rates of MSCT and MRI for prostate cancer staging were compared.

### Statistical analysis

SPSS 17.0 statistical software (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis of the experimental data. Enumeration data were expressed as n (%), and Chi-square test was used for comparison between the two groups. Measurement data were expressed as (mean ± SD), one-way analysis of variance and LSD post hoc test were used for the comparison of mean between multiple groups, and paired t-test was used between the two groups. Spearman correlation coefficient was used for analyzing the pathological stage and the ADC value. P\<0.05, indicates the difference is statistically significant.

Results
=======

### Comparison of clinical baseline data between the two groups

The clinical baseline data of age, height, body mass index, smoking and drinking, presence or absence of diabetes, white blood cells (WBC), hemoglobin (HB), red blood cell (RBC) count and platelet (PLT) count were collected from patients in the prostate cancer group and the normal group. There was no statistically significant difference in the clinical baseline data of patients between the two groups (P\>0.05), which are comparable ([Table II](#tII-ol-0-0-10272){ref-type="table"}).

### Comparison of ADC values between different stages of prostate cancer

Based on the ADC values generated by DWI imaging in MRI ([Table III](#tIII-ol-0-0-10272){ref-type="table"}), the ADC value of stage A was significantly higher than that of stage B, C and D (P\<0.05), that of stage B was significantly higher than that of stage C and D (P\<0.05), and that of stage C was significantly higher than of stage D (P\<0.05). The pathological stage was negatively correlated with the ADC value (r=−0.7629, P\<0.05), indicating that the ADC value correlates well with the tumor stage, and the higher the stage is, the lower the ADC value is ([Fig. 1](#f1-ol-0-0-10272){ref-type="fig"}).

### Diagnostic results of prostate cancer by MSCT, MR and pathology

Altogether 112 patients with prostate cancer were detected by puncture pathological biopsy. In total 113 positives were detected by MRI, of which 103 positives were true positives and 10 positives were false positives. Altogether 119 positives were detected by MSCT, of which 89 positives were true positives and 30 positives were false positives ([Table IV](#tIV-ol-0-0-10272){ref-type="table"}). As can be seen from [Table V](#tV-ol-0-0-10272){ref-type="table"}, the diagnostic sensitivity of MRI was significantly higher than that of MSCT (92.0 vs. 79.5%, P\<0.05), and the diagnostic specificity of MRI was significantly higher than that of MSCT (90.0 vs. 70.0%, P\<0.05), with statistically significant differences.

### Comparison of the diagnostic accuracy of stage A and B of prostate cancer in patients

The operation was performed on 112 patients with prostate cancer. A total of 22 patients with stage A of prostate cancer and 23 patients with stage B of prostate cancer were diagnosed by pathological biopsy. A total of 26 patients with stages A and B of prostate cancer were diagnosed by MSCT, with a misdiagnosis rate of 17.8% and a missed diagnosis rate of 24.4%. A total of 39 patients with stages A and B of prostate cancer were diagnosed by MRI, with a misdiagnosis rate of 4.4% and a missed diagnosis rate of 8.9%. There was a significant difference in the diagnostic coincidence rate between MSCT and MRI (P\<0.05). The misdiagnosis rate and missed diagnosis rate of MRI were significantly lower than those of MSCT (P\<0.05) ([Table VI](#tVI-ol-0-0-10272){ref-type="table"}).

### Comparison of the diagnostic accuracy of stage C and D of prostate cancer in patients

The operation was performed on 112 patients with prostate cancer. A total of 38 patients stage C of prostate cancer and 29 patients with stage D of prostate cancer were diagnosed by pathological biopsy. A total of 63 patients with stage C and D of prostate cancer were diagnosed by MSCT, with a misdiagnosis rate of 6.0%. There was no missed diagnosis in MSCT and MRI. A total of 64 patients with stage C and D of prostate cancer were diagnosed by MRI, with a misdiagnosis rate of 4.5%. There was no statistically significant difference in the diagnostic coincidence rate and misdiagnosis rate between the two groups (P\>0.05) ([Table VII](#tVII-ol-0-0-10272){ref-type="table"}).

Discussion
==========

Prostate cancer is a male malignant tumor and its incidence is the highest among all male malignant tumors ([@b11-ol-0-0-10272]). It has been reported that its incidence in male tumors is 9.7% ([@b12-ol-0-0-10272],[@b13-ol-0-0-10272]). The cause of prostate cancer currently remains unclear ([@b14-ol-0-0-10272]). Although China has a low incidence of prostate cancer, the incidence has shown a certain upward trend in recent years ([@b3-ol-0-0-10272]). Early detection, diagnosis and treatment can significantly improve the prognosis of prostate cancer ([@b15-ol-0-0-10272]).

At present, PSA is a commonly used method for detecting prostate cancer, but some studies have found that it can only be used as a preliminary screening method, and the detection results often cause unnecessary iatrogenic injuries ([@b16-ol-0-0-10272]). The key to the treatment and prognosis of prostate cancer is early diagnosis and stage ([@b17-ol-0-0-10272]). Imaging plays an important role. The spiral CT has improved the sharpness of the image, but there are sometimes artifacts during the CT examination, which interferes with the diagnosis ([@b18-ol-0-0-10272]). As a commonly used imaging method, MRI images in multiple directions. It has a high diagnostic value for finding the primary lesion of prostate cancer and determining the lesion size, local involvement (whether the tumor had broken through the capsule and whether it involved the seminal vesicle) range, and pelvic lymph node metastasis. It also shows lesions of bone metastasis ([@b19-ol-0-0-10272]). Being a new MRI functional imaging technology, DWI was developed in the early and middle 1990s. It is the only non-invasive method that reflects the phenomenon of the diffusion of the living tissue, and characterized by its sensitivity to molecular motion ([@b20-ol-0-0-10272]).

There is usually no obvious symptom in the early stage of prostate cancer. Once found, prostate cancer is in the advanced stage, so its clinical treatment effect is unsatisfactory ([@b6-ol-0-0-10272]). Prostate cancer is specifically manifested on MRI, CT and other examinations ([@b21-ol-0-0-10272]). Therefore, the comparison of the differences between MSCT and MRI in the diagnosis of different stages of prostate cancer provides a certain reference value for clinical research. In this investigation, the basic information of patients with prostate cancer was compared with that of healthy controls in the normal control group, with no significant difference. The ADC value reflects the degree of diffusion of water molecules in the tissue, and the ADC value increases as the tissue signal with fast diffusion decays ([@b22-ol-0-0-10272]). This study found a negative correlation between the pathological stage and the ADC value. The higher the stage was, the lower the ADC value was. In the study by Anwar *et al* ([@b23-ol-0-0-10272]), the ADC value of prostate cancer was 0.57±0.08--0.94±0.25×10^3^ mm^2^/sec, poorly differentiated prostate cancer had a low ADC value, and well differentiated prostate cancer had a high ADC value. These findings indicate that the more severe the tumor is, the lower the ADC value is. The data of our study are similar to the results of that study and furthermore found that the number of true positives detected by MRI was significantly higher than that detected by MSCT, and the sensitivity and specificity were significantly higher in the MRI group than those in the MSCT group, with statistically significant differences (P\<0.05). There is literature showing that the resolution of dynamic enhanced MRI in scanning soft tissue is higher than that of CT ([@b8-ol-0-0-10272]). In the diagnosis of stage A and B prostate cancer, the diagnostic coincidence rate was 86.7% in the MRI group, and 57.8% in the MSCT group, with a significant difference between the two groups (P\<0.05). The misdiagnosis rate and missed diagnosis rate was significantly lower in the MRI group than those in the MSCT group (P\<0.05). This may be because there is an increase in prostate volume in stage A and B of prostate cancer, but no significant change in density. Besides, the blurring of the edge affects CT diagnosis ([@b23-ol-0-0-10272]). As a result, the accuracy is low. Therefore, MRI has an advantage in the diagnosis of early prostate cancer, with a low error rate. In the diagnosis of stage C and D of prostate cancer, there were no statistically significant differences in the diagnostic coincidence rate and misdiagnosis rate between the two groups (P\>0.05). Both MRI and MSCT can accurately detect stage C and D of prostate cancer, considering that it is clearly related to the fact that the cancer tissue has penetrated the capsule, and the morphological changes of the prostate. MRI judges whether the capsule is attacked by cancer cells ([@b24-ol-0-0-10272]). Therefore, MRI is important for the diagnosis of different clinical stages, and shows clearly bone metastasis and the lesion invasion of pelvic lymph nodes ([@b25-ol-0-0-10272]), which has a great application value.

In the study, the sensitivity, specificity and accuracy of MSCT and MRI were compared. However, there is no unified diagnosis of patients with prostate cancer in clinical practice. Therefore, the research in this direction should be increased in the future, and the prognosis of patients should be discussed in depth, to improve the diagnosis rate and reduce the deterioration of the disease.

The accuracy of MRI is higher than that of MSCT in the diagnosis of patients with stage A and B of prostate cancer, but that of MSCT and MRI is similar in the diagnosis of patients with stage C and D of prostate cancer. The sensitivity and specificity of MRI diagnosis are higher than those of MSCT, and the ADC value in MRI has great clinical significance for judging the risk of a tumor. Therefore, MRI is more valuable than MSCT in the diagnosis of patients with different pathological stages of prostate cancer.
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###### 

Patient general information \[n(%)\]/(mean ± SD).

  Variables                                    Patients with prostate cancer (n=112)
  -------------------------------------------- ---------------------------------------
  Age (years)                                  62.34±9.65
  Ethnicity                                    
    Han                                        69 (61.6)
    Ethnic minority                            43 (38.4)
  Course of disease                            6 months-4 years
  Average course of disease (years)            2.0±1.2
  Prostate volume (ml)                         43.13±19.89
  Serum PSA value (ng/ml)                      25.23±9.9
  Increased single serum PSA (patients)        89 (79.5)
  Positive rectal touch (patients)             19 (17.0)
  Infringement of seminal vesicle (patients)   15 (13.4)
  Infringement of the bladder (patients)       11 (9.8)
  Iliac bone metastasis (patients)             4 (3.6)
  Pulmonary metastasis (patients)              8 (7.1)
  Pelvic lymph node metastasis (patients)      11 (9.8)

###### 

Comparison of clinical baseline data between the two groups.

                                 Prostate cancer group (n=112)   Normal group (n=100)   χ^2^/t   P-value
  ------------------------------ ------------------------------- ---------------------- -------- ---------
  Age (years)                    62.34±9.65                      62.65±9.57             0.234    0.815
  Height (cm)                    167.23±7.87                     167.36±6.98            0.127    0.899
  Body mass index (kg/m^2^)      25.37±2.87                      25.76±2.65             1.024    0.307
  Smoking                                                                               0.017    0.897
    Yes                          82 (73.2)                       74 (74.0)                       
    No                           30 (26.8)                       26 (26.0)                       
  Drinking                                                                              1.087    0.297
    Yes                          76 (67.9)                       61 (61.0)                       
    No                           36 (32.1)                       39 (39.0)                       
  History of diabetes mellitus                                                          0.325    0.569
    Yes                          48 (42.9)                       39 (39.0)                       
    No                           64 (57.1)                       61 (61.0)                       
  WBC (×10^9^/l)                 6.19±3.24                       6.23±3.35              0.088    0.930
  HB (gm/dl)                     12.24±2.09                      12.47±2.11             0.796    0.427
  PLT (×10^9^/l)                 161.17±20.98                    159.98±21.09           0.411    0.681
  RBC (10^12^/l)                 4.54±0.59                       4.57±0.61              0.363    0.716

WBC, white blood cells; HB, hemoglobin; PLT, count and platelet; RBC, red blood cell.

###### 

Comparison of ADC values between different stages of prostate cancer.

  Stage     Number of cases   ADC value (×10^−3^ mm^2^/sec)
  --------- ----------------- -------------------------------------------------------------------------------------------------------
  A         22                0.92±0.18
  B         23                0.83±0.11^[a](#tfn3-ol-0-0-10272){ref-type="table-fn"}^
  C         38                0.71±0.08^[a](#tfn3-ol-0-0-10272){ref-type="table-fn"},[b](#tfn4-ol-0-0-10272){ref-type="table-fn"}^
  D         29                0.61±0.05^[a](#tfn3-ol-0-0-10272){ref-type="table-fn"}--[c](#tfn5-ol-0-0-10272){ref-type="table-fn"}^
  F-value                     40.56
  P-value                     \<0.0001

Compared with stage A

P\<0.05; Compared with stage B

P\<0.05; Compared with stage C

P\<0.05. ADC, apparent diffusion coefficient.

###### 

Diagnostic results of prostate cancer by MSCT, MR and pathology (patients).

  MSCT/MRI results   Pathologic findings (+)   Pathologic findings (−)   Total
  ------------------ ------------------------- ------------------------- -------
  MRI^+^             103                       10                        113
  MRI^−^             9                         90                        99
  Total              112                       100                       212
  MSCT^+^            89                        30                        119
  MSCT^−^            23                        70                        93
  Total              112                       100                       212

MRI, magnetic resonance imaging; MSCT, multi-slice spiral CT.

###### 

Comparison of sensitivity and specificity between the two groups/%.

            Sensitivity   Specificity
  --------- ------------- -------------
  MRI       92.0          90.0
  MSCT      79.5          70.0
  χ^2^      6.66          12.50
  P-value   0.01          \<0.001

MRI, magnetic resonance imaging; MSCT, multi-slice spiral CT.

###### 

Comparison of the diagnostic accuracy of stage A and B of prostate cancer in patients \[n(%)\].

  Diagnostic methods   Number of pathological findings   Diagnostic coincidence rate   Missed diagnosis rate   Misdiagnosis rate
  -------------------- --------------------------------- ----------------------------- ----------------------- -------------------
  MSCT                 45                                26 (57.8)                     11 (24.4)               8 (17.8)
  MRI                  45                                39 (86.7)                     4 (8.9)                 2 (4.4)
  χ^2^                                                   9.36                          3.92                    4.05
  P-value                                                0.002                         0.048                   0.044

MRI, magnetic resonance imaging; MSCT, multi-slice spiral CT.

###### 

Comparison of the diagnostic accuracy of stage C and D of prostate cancer in patients \[n(%)\].

  Diagnostic methods   Number of pathological findings   Diagnostic coincidence rate   Misdiagnosis rate
  -------------------- --------------------------------- ----------------------------- -------------------
  MSCT                 67                                63 (94.0)                     4 (6.0)
  MRI                  67                                64 (95.5)                     3 (4.5)
  χ^2^                                                   0.15                          0.15
  P-value                                                0.698                         0.698

MRI, magnetic resonance imaging; MSCT, multi-slice spiral CT.
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